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BEAR LAKE AND ITS FUTURE 
by 
William F. Sigler 
Even in such a wide-ranging and eternally changing field as biology, a few statements about certain aspects can be made with a mini-
mum likelihood of their being refuted. In this class are the following: 
No two lakes are identical. Any given lake is simultaneously many 
things to many people. A lake is never static. The influence of a lake 
reaches far beyond its shores. 
Bear Lake, Utah-Idaho, can be used to good advantage to exemp-
lify the truth of these statements. It defies meaningful comparison 
with other lakes unless a mass of detailed statistics is employed. To 
the fisherman and water sports enthusiast, Bear Lake represents an 
excellent source of recreation. Its complex ecology offers the investi-
gating scientist virtually unlimited opportunities for conjecture and 
subsequent experimentation. This relatively young body of water 
still has the characteristics of a cold-water lake that is low in fertility 
(organic materials), but its conversion to a warm-water lake has begun. 
Its watershed lands and tributaries extend its effects over a wide area. 
As with all things, the passage of time has brought about slow 
changes in the lake, its boundaries, and its inhabitants. Now burgeon-
ing population pressures are accelerating these processes, and the fu-
ture of this unique body of water is likely to be far different than its 
past. Bear Lake is inexorably though slowly changing from a cold-
water lake to a warm-water lake because of an increasing influx of 
organic materials. This means that the water chemistry is being alter-
ed; fish populations will change in number and type; and the depth 
distribution, timing, and extent of horizontal movements of the fish 
that inhabit the lake will be affected. 
Ideally, research can make us knowledgable enough to forecast 
the potential uses and most rewarding development patterns for this 
resource. If we can realize this ideal quickly enough we shall be able 
to recommend management procedures that will maximize its value 
OVer time. But the diverse pressures on Bear Lake are mounting more 
rapidly all the time, and the pace of our research will have to quicken. 
New facilities and new techniques have made this possible, but the 
future still must build upon the past and we have to understand the 
lake's beginnings, evolution, and current status before we can effec-
tively plan ahead. 
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THE LAKE'S PAST 
Geologists have accumulated considerable information about the ancient history of Bear Lake and Bear Lake Valley by reading 
the unwritten records etched on the surrounding mountain faces. The 
valley, which is approximately 50 miles long on a north-south axis, is 
bordered on the east and southwest by geologic faults. Earth move-
ments along these faults created the valley many thousands of years 
ago. The lake itself is known to have existed for at least 28,000 years; 
and, so far as the geologists can determine, it probably occupied most 
of the valley for about 20,000 of those years. 
Most of the eastern shore of Bear Lake as we know it today is a 
steep mountain face that rises almost from the water's edge. The west-
ern shore rises more gradually through foothills to a high ridge whose 
highest point, Swan Peak (9,114 feet), is almost due west of the center 
of the lake. The north and south shores are natural beach bars. Be-
yond the bar at the north end is Dingle Swamp, whose open-water 
portion is called Mud Lake. 
When filled to its maximum capacity, Bear Lake now is 5,924 feet 
above sea level, but three other stages in its development are evidenc-
ed by shoreline marks around the valley. The Willis Ranch stage 
the valley between Dingle and Pescadero (Williams, Willard, and 
Parker, 1962). During this time the lake was 5,948 feet above sea level. 
The Garden City stage (5,938 feet above sea level) may have been pro-
duced by landslides subsequent to the rapid downcutting of the outlet 
during the Willis Ranch stage. The Lifton stage (5,929 feet) was 
caused by the regrowth of the Bear River's alluvial fan. Mansfield 
(1927) believes these expanded stages of Bear Lake correspond to the 
high levels of Lakes Bonneville and Lahontan during the Pleistocene 
Epoch. 
The Bear Lake area probably was first explored by white men, 
Rocky Mountain fur trappers, in 1811 (Smart, 1958). The first trapper-
Indian rendezvous, with a temporary trading post, was held near 
present-day Laketown, Utah, in 1827 (Beal, 1942). In later years 
Mackenzie is said to have assembled as many as 10,000 Indians around 
the north end of the lake in a trading and peace-making effort. 
Pegleg Smith was the first white settler in the area (in the early 
1800's), and in September 1863 a small group (10 men and 1 woman) 
of Mormon settlers arrived. Within 20 years the entire Bear Lake Val-
ley had a sprinkling of settlers, and a road had been established be-
tween Bear Lake and Logan. 
Diaries and other records kept by some of these early settlers have 
given us some idea of the fishery in the lake at that time. Part of 
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Joseph Rich's statement of shortages, "Frost-bitten bread with an oc-
casional sucker," indicates available fish (Smart, 1958). Edward I. 
Rich, fishing near shore with seines, caught large numbers of suckers, 
Utah chubs, and a few trout in 1880; gill nets set in deeper water 
caught more trout and many whitefish (Smart, 1958). 
The Bear Lake fishery was first investigated in 1912 by George 
Kemmerer, J. F. Bovard, and W. R. Boorman. 
In 1915 more collections were made by J. O. Snyder and C. L. 
Hubbs. As a result of this study three new species of whitefish were 
described by Snyder in 1919: Bonneville whitefish, Bear Lake white-
fish, and Bonneville (peaknose) cisco. 
The 1930's saw two other brief investigations before one that was 
initiated in 1938 developed into an extensive study. Stillman Wright 
(U. S. Bureau of Fisheries) and L. Edward Perry (University of Michi-
gan doctoral candidate) began their Bear Lake study in 1938. The 
Fish and Game Departments of both Utah and Idaho cooperated in 
this in 1939, and the investigations lasted until 1941. 
Nothing further was done until 1951 when the Wildlife Depart-
ment at Utah State University began a limited program. A field pro-
gram for Bear Lake research was developed and carried through to 
1955. Since 1956, studies have centered around fish distributions in 
relation to water conductivity, temperature, depth of schooling, and 
seasonal variations in fish movements. 
Most of the current, available information about Bear Lake has 
been accumulated through efforts involving Utah State University 
personnel. 
Knowledge gleaned from early studies was often limited by the 
relatively primitive techniques and equipment, as well as by the prob-
lematical character of the lake. Recent advances in biochemistry, 
physics, statistics, and engineering have helped solve some equipment 
and technique problems. Better transportation facilities and the es-
tablishment of a laboratory at the lake should help solve the problems 
inherent in capricious weather conditions. 
In spite of the difficulties, however, a considerable body of 'infor-
mation has been accumulated about Bear Lake. At least a few of the 
highlights should be chronicled to indicate the foundation that was 
laid by earlier researchers. 
THE LIMNOLOGY OF THE LAKE 
L imnology, the scientific study of fresh water, involves chemical, physical, and biological aspects of lakes, streams, and ponds. It 
is, then, but a small phase of biology, and yet a lifetime may be devot-
ed to acquiring an understanding of the limnology of one small body 
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of water. Of necessity the limnologist seeks out his information in 
small segments, piecing them together later. Controlled laboratory 
experiments and statistical analyses generally must combine with field 
research to make a meaningful whole. The limnology of Bear Lake 
has been investigated as a means to a better understanding of the fish 
population. 
Bear Lake, simply because it is a lake, offers many intriguing 
possibilities for research, but its inherent characteristics and the erratic 
weather patterns of the valley make it a truly formidable challenge to 
the investigating scientist. 
The general geographical setting for Bear Lake has already been 
given. 
ITS PHYSICAL CHARACTERISTICS 
The completion of a pumping station near the center of the north shore of the lake in 1918 inevitably modified the lake's physical 
and chemical characteristics. Those given here are based on condi-
tions as they have existed since the pumping station began operating. 
Bear Lake is oval shaped, about 20 miles long and 8 miles wide. 
It has a 48-mile shoreline and a surface area of 110 square miles. The 
bottom of the lake and its shoreline are both quite regular. About 50 
percent of the lake is more than 100 feet deep; one small area is 208 
feet deep. 
The three major tributaries to the lake, excluding Bear River 
whose contribution to the lake is now determined at the pumping sta-
tion, drain a 250-square-mile watershed. An average of 66,000 acre 
feet of water per year enters the lake from this watershed. About 
five-sixths of this evaporates, and the balance is used to supply power 
and irrigation water in downstream Bear River. The lake level now 
can be made to fluctuate as much as 21.65 feet, which obviously would 
have considerable effect on organisms living in the shore zone. The 
yearly average fluctuation is currently 3.5 feet, which is still enough 
to affect vitally many acquatic animals in the shore zone. 
Three temperature layers are formed in the lake each spring. The 
warm upper layer, called the epilimnion, rarely exceeds 70 F at the 
surface (80 F in 1961). It increases as summer progresses and may be 
40 to 60 feet thick by fall. The rapidly cooling middle layer, which 
varies in thickness, is called the thermocline. The frequent and vio-
lent winds that sweep the lake help to mix the upper layer (keeping it 
isothermous) and continually depress the thermocline as summer prog-
resses. The bottom layer, the hypolimnion, maintains a nearly uniform 
39.7 F temperature the year around. Water at this temperature is at 
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its heaviest and therefore tends to remain on the bottom. The lake is 
ice-covered in 4 of 5 years from December or January until around 
April. 
Part of the north, northwest, northeast, and south shores of the 
lake are sandy beaches, but these are not extensive. Much of the re-
maining shoreline is rocky. This rocky zone, however, which is so 
vital to the production of plant life and to the existence of small ani-
mal life, does not extend far into the water. A drop of 10 feet in the 
water level exposes most of the rocks except those off the larger deltas 
and points. Beyond the rocks the bottom is sand to a water depth of 
about 25 feet. From 25 feet to 75 feet the sand is gradually replaced 
by silt and marl. From 75 feet on, the bottom is a fine gray silt marl. 
Turbidity (the measure of suspended material) ranges from 1 to 5 
parts per million by weight in deep water, to as high as 80 parts per 
million in shallow water on windy days. The depth of visibility mea-
sured from the surface of the lake may be as much as 30 feet. 
ITS CHEMICAL CHARACTERISTICS 
The chemical characteristics of a lake play a large role in determin-ing the variety and extent of fish and plant life that the lake can 
support. 
Dissolved oxygen in Bear Lake ranges from 5 ppm to supersatura-
tion throughout the year and at all depths. The pH varies between 8.4 
and 8.7, as dictated by the limestone watershed. Chemical analyses 
of Bear Lake water in ppm is as follows: Ca-17, Mg-83, K-8, NH4-O.5, 
Zn-.045, CI-55, S04-76, COs-15, HCOa-370, NOs-l.O, and P01-O.08. 
There is no free CO2, The concentrations of these chemicals are ade-
quate to sustain normal populations of the fish and plants that general-
ly inhabit cold water lakes. 
Phosphorus, although sparse in the shallow water soils, is adequate 
enough in the deep water soils to support varied plant growth. Potas-
sium, from the viewpoint of plant growth, is sufficient at all depths, 
even the shallows (Smart, 1958). Detailed analyses for nitrogen have 
also indicated that it is adequate at all depths. On a comparative 
basis, however, the lake's shallow water soils contain less nitrogen, less 
available phosphorus, less available potassium, and less nitrate-nitro-
gen than do its deep water soils. These comparative conclusions are 
based on data from terrestrial agricultural research. 
The conductivity of water, which is commonly measured in micro-
mhos/centimeter, is one indication of the amount of dissolved electro-
lytes or nutrients that it contains. In 1958-59 the variation in conduc-
tivity of Bear Lake water was 600-760 (Hassler, 1960). This range of 
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measurement is comparable to many other cold water lakes. The 
maximum average difference between stations established in the lake 
was 26 micromhos/centimeter. The averages from April to October 
1958 in the tributaries Swan Creek, Fish Haven Creek, and St. Charles 
Creek were 2157, 307, and 350, respectively. It had been hoped that 
the relative influence of each stream on the lake could be measured by 
differential conductivity. The flow from the tributaries was so slight, 
however, that their influence was detectable for only 100 yards 
(Hassler, 1960). Bear River's conductivity of 525 micromhos/centime-
ter was followed into Bear Lake for a distance of one-half mile in May 
1958. Conductivity profiles taken of the lake when it is stratified have 
indicated that thermal stratification tends to have a slight effect on 
overall conductivity. 
ITS BIOLOGICAL CHARACTERISTICS 
W hether considering a lake or an area of land, the biological aspects are the most difficult to assess acurately; Certain facts 
can be observed and certain interactions can be noted - but determin-
ing the far-reaching ramifications of even a single interaction and dis-
covering the "whys" of specific occurrences may take years and often 
may elude the investigator entirely. Much of our future research pro-
gram is necessarily directed toward the biology of Bear Lake. But 
even in this particularly complex area, earlier, less refined techniques 
have provided us with a background of known information. 
ITS PRODUCTIVITY 
The littoral, or shore zone of the lake is vitally important in its 
effect on overall productivity of plant and animal life. For Bear Lake, 
this zone has been estimated as equalling less than 0.1 percent of the 
lake. 
Aquatic plants are rare in Bear Lake, which means that little pro-
tection is afforded small shallow-water animals. The major emergent 
plants are the cattail and bulrush; the major submergents are the pond-
weed and coontail. None of these plants are well adapted to with-
stand fluctuations in water level. 
The rocky zones around the shore and areas near stream outlets 
produce the greatest variety of bottom-dwelling animals. But as al-
ready noted, these areas do not involve extensive footages. The uni-
form shoreline, the scarcity of aquatic plants, and the fluctuating water 
level all tend to limit the number of bottom animals. In addition, the 
soft, semifluid siltmarl, which forms the bottom of so much of the lake, 
is hazardous for some bottom dwellers. Thus, vital links in the food 
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chain that eventually reaches to the larger fish and thence to man are 
considerably weakened. Before discussing specific elements in the 
food chain as it now exists, it might be of interest to note that the shells 
of snail and clam are abundant in many bottom and shore areas of Bear 
Lake. So far as is known, none now live in the lake. Carbon-14 dat-
ing indicates these animals flourished 5,000 to 8,000 years ago (Smart, 
1958). Perhaps a change in water chemistry, precipitated by a dry 
period, may have made it impossible for the snails and clams to survive. 
THE BOTIOM DWELLERS 
The dominant animals on the bottom of Bear Lake are the aquatic 
earthworms and true-fly larvae. In deep water, aquatic earthworms 
rarely range up to 3,000 individuals per square yard; in other areas 
200 per square yard is considered abundant. Analyses of bottom soils 
and fish stomachs indicate that aquatic earthworms are the most abun-
dant animal from shore areas to 2OO-foot depths. These organisms are 
the staple food of most small fish of every species. The larvae reach 
a density of about 500 per square yard where the water deepens and 
the sand grades into a sand-silt-marl mix. 
The average number of all bottom organisms is 568 per square 
yard (Smart, 1958). Bottom fauna varies in composition and concen-
tration with the bottom material of the lake; sandy areas produce 15 
percent of the bottom organisms, silt-sand areas 27 percent, and silt-
marl areas 58 percent (Smart, 1958). 
Daphnia, common in weedy, shallow areas, and ostracods, abun-
dant in the 80- to 125-foot zone, are important elements in the food 
chain of large game fish (Smart, 1958). Crayfish, food for littoral zone 
fish, are common to extremely abundant in rocky shore areas. Insects, 
while not necessarily bottom dwellers, represent a source of food in 
shallow water areas. Several species can be found on occasion, but 
only chironomids are abundant. 
ITS PLANKTERS 
Small plants and animals whose locomotion facilities are inade-
quate to cope with water currents are known as plankters. Phyto-
plankters (plants) and zooplankters (animals) are frequently followed 
and fed on by large invertebrates and small fish, which in tum are 
probably being pursued by large fish. 
Both forms of plankton have been the subject of many past sam-
pling investigations. Early investigators found little plant plankton, 
but recent researchers, using a membrane filter rather than a tow net, 
have reported as many as 2 million plant cells per liter of water (Clark 
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and Sigler, 1961). On the basis of volume, however even this repre-
sents a low density. Live cells occur largely in the epilimnion but are 
also found as deep as 100 feet and under ice cover. In comparison to 
lakes that are colored green by their production of phytoplankton, 
Bear Lake is a non-productive body of water. But in comparison to 
cold-water lakes of comparable size and depth, Bear Lake is about 
average in phytoplankton productivity. 
This same situation is true of zooplankton production. Maximum 
zooplankton production is attained in late summer after a gradual in-
crease from the winter low (Hassler, 1960). Magnitudes of 5 to 25 
animals per liter (no estimate of accuracy) serve as an indication of 
abundance. A 50-foot vertical haul in Bear Lake might be expected 
to yield a zooplankton volume less than 1 cubic centimeter. An equi-
valent haul from a very productive lake might yield 10 to 100 times 
this amount. The relatively low zooplankton production is directly 
related to the scarcity of rooted aquatic plants, the relatively large 
amount of water that is more than 100 feet deep, the large areas of 
semifluid silt-marl bottom, and the little or no free carbon dioxide in 
the lake. 
THE FISHES AND THEIR ABUNDANCE 
In studying a body of water, the relation of its fish, plant, and ani-
mal populations to each other and to their environment is so complex 
and at the same time so important that it warrants the constant atten-
tion of many researchers. Much research time is devoted to fish not 
only because of their economic importance, but because they probably 
hold the key to many ecological relations. Years of work on Bear Lake 
have not even clearly defined the basic problems. It is obvious that 
the ecological impact of a 3-inch shiner cannot be meaningfully com-
pared with that of a large game fish, which in Bear Lake may range 
up to the 20-pound lake trout. The size, social behavior, and space 
and food requirements of two such fish obviously have little in com-
mon, and yet each plays a vital role in the overall situation. 
The relative abundance of fish in any body of water can be mea-
sured in terms of either numbers or weight. This is true because the 
weight of a fish varies with age, species, and habitat; and because, 
theoretically at least, fish continue to grow throughout their life. 
Fish number and weight information has been collected for Bear 
Lake over many years by numerous investigators (Kemmerer, Bovard, 
and Boorman, 1923; Hazzard,' 1935; Perry, 1943; McConnell, Clark, 
and Sigler, 1957; Loo, 1960; and Hassler, 1960). The estimates we now 
' H azzard, A. S. A preliminary limnological study of Bear L ake, Utah-Idaho, (with particular 
reference to its fish producing possibilities). U. S. Bur. Fish. 1935 Unpub. Rept. 
-10-
have of relative numbers and weights of fish in the lake are based on 
many thousands of hours of collecting by gill nets, drag seines, trawls, 
hook and line, and on general observations. These estimates are 
without statistical confidence limits (table 1), and speculation on the 
absolute number or weight of any given species of Bear Lake fish is 
unwarranted. 
Table 1. The estimated abundance of Bear Lake fish by weight and number 
(no confidence limits established) 
Name 
Cutthroat trout 
Bonneville cisco 
Rocky Mountain whitefish 
Bonneville whitefish 
Bear Lake whitefish 
Utah sucker 
Redside shiner 
Utah chub 
Carrington's dace 
Sculpin 
Kokanee 
Yellowstone cutthroat 
Rainbow trout 
Kamloops trout 
Brown trout 
Lake trout 
Carp 
Yellow perch 
Green sunfish 
°T = less than 0.10 of 1 percent. 
Relative abundance 
Weight Number 
3 2 
5 22 
TO 
17 
13 
33 
1 
5 
3 
4 
T 
T 
3 
T 
T 
3 
9 
T 
T 
TO 
10 
10 
18 
2 
5 
8 
14 
T 
T 
2 
T 
T 
1 
5 
T 
T 
THE WmTEFISHES 
Bear Lake's three indigenous and one rare whitefish can most 
easily be discussed as a group. The mountain whitefish, which is com-
mon in the Intermountain Region of the United States and parts of 
Canada, is present in limited numbers in the Bear River drainage. It 
has been identified from Bear Lake (Sigler and Miller, 1962) but is 
relatively insignificant in the overall picture. 
The three species found only in Bear Lake are the Bonneville 
whitefish, the Bear Lake whitefish, and the Bonneville cisco. Presum-
ably these three indigenous fish were evolved during Bear Lake's 
28,000 years of existence. Throughout a considerable part of this 
time, Bear River flowed into Bear Lake, and could have been a "road-
way." The lake may have been maintained without contribution from 
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Bear River, however, for as long as 8,000 years previous to the com-
pletion of the Telluride Canal in 1912. 
No one has attempted to stock any of these three whitefish in 
other large bodies of water. And none have been identified from 
waters of the Bear River, even though they could migrate there 
through the pumping station and rainbow canal or across the shallow 
and often warm waters of Mud Lake. Perhaps the best explanation 
as to why the Bear Lake whitefish have not moved into the outlet is 
that they evolved in Bear Lake and find the warm outlet waters much 
less acceptable. It is also possible that whitefish have migrated out 
but have not been identified. 
In January 1962, the Fish and Game Departments of Nevada and 
California transported a load of Bonneville cisco to the Lake Tahoe 
area. They did not stock them in the lake, however, but instead are 
keeping them in temporary holding ponds. The experiment determin-
ed that Bonneville cisco could be moved over long distances during 
the winter months. Whether the Fish and Game Departments will 
attempt to transport cisco to Lake Tahoe as a forage fish is still unde-
cided. 
Prosperity of the three Bear Lake whitefish is attributed to theh-
having developed over thousands of years in essentially their present 
habitat. They · do not depend on incoming streams as spawning sites 
and, in fact, will spawn over a variety of bottom types. They are prob-
ably less affected by fluctuations in water levels than are other fish 
since they easily move in and out from shore with changing water 
levels while seeking food or spawning areas. Life history studies have 
indicated that predation and fishing pressure do not make serious in-
roads into their population. These circumstances have helped estab-
lish the three whitefish as the most abundant group of fish in Bear 
Lake. 
Bonneville whitefish are wide-ranging and opportunistic feeders. 
Their primary food items are midge larvae and pupa; other aquatic 
and terrestrial insects are taken in small amounts. Fish, primarily 
sculpins, also frequently compose part of the diet of large Bonneville 
whitefish. 
Bear Lake whitefish feed mostly on deep-water ostracods and to 
some extent on shallow water invertebrates. They probably take fish 
rarely or not at all. This can be attributed in part to their size. A 
Bonneville whitefish may reach a length of 18 to 23 inches, but a Bear 
Lake whitefish rarely is over 10 and almost never longer than 12 inches 
in length. 
The temperature-conscious Bonneville cisco seek animal plankton 
in 40-58 F water. Bottom dwelling invertebrates are taken more com-
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monly by the cisco in the winter months when the ciscos are in close 
to shore. The logical reason for this is that there are more inverte-
brates close to shore than there are in deep water - excluding the 
oligochaets. The presently increasing level of organic nutrients in the 
lake, resulting from human colonization, may at first aid the whitefish 
but probably will eventually work to their detriment. 
THE CUTTHROAT TROUT 
The original cutthroat trout in Bear Lake was probably a subspe-
cies of the Utah cutthroat. This fish most likely evolved in the lake 
over a period of several thousand years. Early Bear Lake cutthroat 
were described as having a blue color, particularly a blue patch on the 
nose, which gave them the name blue-nose. These characteristic 
markings exist today in almost all cutthroat and to some measure in 
rainbow trout after the latter have been in the lake for some time. Re-
peated stocking of other subspecies of cutthroat in the lake makes it 
inadvisable to describe the Bear Lake cutthroat as a subspecies; how-
ever, Bear Lake continues to produce a ' distinctively colored fish. 
Cutthroat trout stocked in Bear Lake from fish hatcheries generally 
survive if they are over 10 inches long when stocked. The average size 
of the cutthroat caught on hook and line is 18 inches and 3Yz pounds, 
although the fish range up to 8 pounds and occasionally go even higher. 
The introduction of rainbow trout, which share the lake's limited 
spawning area with the cutthroat, has seriously complicated the prob-
lem of subspecies identification for both these fish. 
Bear Lake's stream spawning fish, notably the cutthroat and the 
rainbow, probably first were detrimentally affected by traps set by 
Indians and early settlers. Later these fish were hampered by the 
diversion of the lake's water for agriculture. Habitat impairment in-
creased when the lake began to function as a reservoir because the 
water level generally was dropped while both adult spawners and 
young fish were attempting to return from the spawning streams to the 
lake. In spite of these difficulties, the cutthroat can be expected to 
survive in Bear Lake. They are characteristically deep-water and open-
water fish, and the adults are able competitors with any other fish in 
the lake for large food items. Young cutthroat, however, must com-
pete with all other Bear Lake fish for the limited number of inverti-
brates and small fish; this naturally tends to hold down the population 
of small cutthroat. 
THE RAINBOW TROUT 
. In the past, rainbow trout have rarely been larger than 15 inches 
10 length and 2% pounds in weight after three years in the lake. Re-
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cently a number of larger rainbows have been taken by hook and line. 
It is quite possible that these are the Kamloop subspecies, which has 
been stocked periodically for the last 3 years and which grow to large 
size. 
According to gill net data, most rainbow trout in Bear Lake live 
in shallow water, but these data do not include the recently introduced 
subspecies, the Kamloops. In addition, this information may not be 
entirely reliable, primarily because of its inherent limitations and a 
certain amount of net selection.- Most rainbow trout caught on hook 
and line are taken around the mouths of streams. Many of these fish 
are from hatcheries, however, and were stocked in the streams. There-
fore, this pattern of availibility may be nothing more than the reflection 
of a stocking practice. 
Almost any statement made now about rainbow trout in Bear Lake 
will be questionable within a short time because of the newly introduc-
ed Kamloops. Domesticated rainbow that have been reared for many 
generations in hatcheries show a strong non-migratory tendency, al-
though they do normally tend to move into any available nearby run-
ning water. On the other hand, one group that was stocked in 1961 
away from running water apparently remained near the stocking site. 
The Kamloops presently being stocked in Bear Lake, however, have 
come from wild stock; their behavioral tendencies include movement 
into deep water; and their rate of growth undoubtedly will differ from 
what has been observed in the past. 
Rainbow eat considerably more terrestrial insects than do other 
fish in Bear Lake. This is probably true because they live along the 
shore where wind-blown insects are more abundant. In addition, an 
excess of surface water from the flooding of hayfields and pasture 
lands in the summer often washes terrestrial insects into the lake, and 
these are easily available to the shore-dwelling rainbow (Smart,1958). 
THE CARP 
Carp are not neru'ly as abundant in Bear Lake as they appear to be 
to the casual observer. If given an opportunity, carp will seek warmer 
water than generally exists in Bear Lake. From early spring to late 
fall the warmer waters of the lake are at the surface and near shore, 
fostering a concentration of the carp population in these areas during 
the summer months. On a warm day when the surface of the water is 
not being mixed by the wind, the surface layer may be as much as 
10 F warmer than the balance of the lake. Under such circumstances 
a substantial part of the lake's carp population can readily be counted 
as the fish swim at the surface, sometimes with their backs out of the 
water. 
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Carp start spawning at about 62 F. Carp eggs at this or higher 
temperatures hatch in 3 to 5 days. Almost every year in Bear Lake a 
few shallow, black, muddy, bottom areas provide limited carp spawn-
ing sites. How rapidly and probably how successfully the eggs hatch 
are determined by the degree of wind mixing of the deeper coldet 
water with warmer layers. The current relatively large carp popu-
lation in Bear Lake has been fostered by preceding years of high water. 
High water allows spawning carp to move from Bear Lake to Mud 
Lake, and when the flow from Mud Lake into Bear Lake continues into 
early summer the young carp as well as many mature carp can and do 
return to Bear Lake. Carp from Bear Lake demonstrate that they pre-
fer to spawn in the warmer waters of Mud Lake by repeatedly trying 
to jump over the east spillway into Mud Lake. 
My opinion is that an optimum carp habitat must have adequate 
spawning and growing temperatures and an abundance of chironomid 
larvae. Bear Lake has none of these. If Bear Lake were to be com-
pletely seperated from Mud Lake, it would support only a few small, 
slow-growing but long-lived carp. 
THE UTAH SUCKER 
It is interesting to speculate why the sucker, normally a stream 
spawner, has been one of Bear Lake's most abundant fish over the 
years. Probably the main reason is that large numbers of suckers 
spawn successfully in the lake, notably along the east shore. In addi-
tion, thousands of suckers run up Swan and St. Charles Creeks each 
spring. Many of these young must return to the lake. Young suckers 
remain in the warm, shallow waters, which offer them more food and 
less liklihood of predation than do the deeper waters. 
Subadult and adult suckers are effective feeders because they 
range widely and at depths to a hundred feet or more. They are essen-
tially bottom feeders but have been observed working at the surface in 
shallow water. Even bottom-dwelling invertebrates buried several 
inches in the mud are not safe from the burrowing suckers. Midge lar-
vae and small crustaceans are the suckers' two most important food 
items. Live plant material is taken rarely. Debris and sand are taken 
often but presumably incidentally. 
The wide temperature tolerance of suckers allows them to move 
from shallow to deep water in both summer and winter. They are 
slow growing and many are long lived. The mortality rate for stream 
spawners is high due to the physical hazards of migration but 
the mortality rate for shore spawners is probably lower. It has been 
determined that most Bear Lake suckers have one to several body 
cavity tapeworms, but the effect of these tapeworms on the welfare of 
the fish is unknown. 
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SMALL DEEP-WATER FISH 
The 3-inch sculpin (bullhead) and the 7-inch Bonneville cisco are 
the two smallest fish that inhabit deep water in Bear Lake. They are 
the ones that are taken most frequently by the larger carnivorous fish 
of the lake. Which of the two is taken more often is determined by 
their relative vulnerability and abundance, factors that obviously vary 
from year to year and with the season. Sculpins as a rule are more 
readily available to bottom feeders, but ciscos almost entirely lose their 
wiliness during their spawning season. For example, one 9-pound 
cutthroat trout taken on hook and line during the cisco spawning sea-
son had 17 ciscos in its stomach. 
SMALL SHORE-ZONE FISH 
The most common Bear Lake shore fish are the redside shiner and 
Carrington's dace. These two minnows are present in shallow water 
during the summer months. Only lack of cover or food, and cold 
water drive them to deeper water, or as far as biologists are concerned, 
to parts unknown. Small sculpins and Utah chubs inhabit the shallow, 
warm, summer waters of Bear Lake; when mature the sculpins move 
into deep water. Even small trout stay inshore if temperature permits. 
One of the many unexplained mysteries of Bear Lake is what happens 
to small shore-zone fish when receding water levels leave them with-
out cover or protection and probably with less food. 
TRYING TO UNDERSTAND THE BEHAVIOR OF FISH 
M illions of hours of human effort, both scientific and otherwise, have been devoted to trying to understand the behavior of fish. 
Yet scientists and fishermen alike remain baffled. All of the contem-
plated research at Bear Lake has a bearing either directly or indirectiy 
on this age-old problem. But much of it also has far wider implications. 
A better understanding of Bear Lake as it is today will facilitate more 
effective and better research in the future, and whatever information 
is gain~d here may also help resource managers in other parts of the 
nation. 
Establishment of a new Utah State University laboratory facility 
on the west shore of Bear Lake has materially enhanced the research 
potential. Personnel based at the lake will be able to take advantage 
of good weather conditions when they occur. Field material can be 
collected in the lake and quickly transported to the laboratory for 
examination or rearing. Bear Lake animals can be moved readily to 
the aquarium room and reared in Bear Lake water. Transporting 
material from Bear Lake to the University campus can take several 
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hours in bad weather. In the past this time lapse frequently eliminated 
the possibility of completing certain phases of studies that involved 
fish and invertebrates. By maintaining a more constant check on the 
lake we may be able to bring some hitherto insoluble variables under 
reasonable control. 
In winter and early spring B~ar River flows into Bear Lake, some-
times at the rate of 4,000 cubic feet per second. It has not been estab-
lished how far the river flows into the lake before the two waters are 
completely mixed. Nor has it been determined what effect the flow 
and the mixing have on lake ecology. Attempts to follow the river 
into the lake with a conductivity bridge have been ineffective. Since 
a definite difference in conductivity does exist between these waters, 
however, the technique should be improved and pursued further. The 
measure of conductivity and other chemical differences, if we can suf-
ficiently refine our techniques, should allow definition of this ecologi-
cal variant. Introducing photofluorescent dyes might also facilitate 
such a determination. 
Frequent and widespread microcurrents may be caused by tem-
perature variations, and the currents can and often do change the den-
sity of the water. Such unstable conditions promote the occurrence 
of seiches (rocking of the lake much in the same way as if a glass of 
water were agitated back and forth), which are actually produced by 
prolonged high winds. The result is a partial mixing of the upper 
layer. Density-different currents also may be caused by springs flow-
ing into the cold hypolimnion. Water currents are one of the primary 
factors in plankton distribution and thus warrant considerable re-
search. 
Conventional mechanical current meters used in Bear Lake have 
not proved satisfactory, but further efforts using these meters are ad-
visable since they were not given a fair trial. Small currents, however, 
are often difficult to measure with mechanical devices. In addition, 
seiche-induced currents may subside before the investigators can safe-
ly navigate Bear Lake. 
The movements of introduced rare earths or short half-life radio-
active substances offer possible ways to trace water movements. Ma-
terial introduced at a fixed station could be sampled randomly as to 
area infringed upon, but on a logarithmic time scale. Gross radioactive 
counts of the sample would indicate rate of movement. Surface drift 
bottles similar to those used in the Great Lakes should be used in con-
nection with subsurface current studies. A scale model of the entire 
Bear Lake Valley would promote a better understanding of the extent 
and duration of wind-induced seiches and horizontal currents. 
Another method of studying currents would be to introduce dye 
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blobs at varying depths and watch their movements with a closed-
circuit underwater television. 
In addition to its potential for following water currents, television 
could be used to scan the bottom of the lake for tell-tale tracks of cer-
tain bottom dwellers. It could be used to search for presumably extinct 
snails and to estimate the abundance and movements of known species 
of invertebrates. To date television has been employed only on a limit-
ed basis in Bear Lake because of cost and lack of trained personnel but 
should be used extensively in the future. 
Water chemistry directly affects plankton production, is a vital 
factor in lake ecology, and is a valuable measure of the lake's general 
status. 
Many phytoplankters concentrate certain elements from the water 
in their tissues. Some of these elements are radioactive. Thus, phyto-
plankton can be used to detect and accurately measure low-level fall-
out with less investment in time and money than is necessary to achieve 
the same end by analyzing the water. In addition, because the phyto-
plankton is part of the fish-human food chain, it provides a better 
measure of potential health hazards from radioactivity. 
Another laboratory investigation will attempt to ascertain what 
effect Bear Lake's high magnesium to calcium ratio has on plant and 
animal life. Along these same lines a question still remains about the 
effect of zinc on phyto- and zooplankters. Early investigators reported 
extremely high levels of zinc in Bear Lake water (Kemmerer, Bovard, 
and Boorman, 1923). Later studies, with improved laboratory tech-
niques, indicated far less zinc than originally reported. Even these 
lower levels, however, could be toxic to small animal life and bear 
further investigation. 
Phytoplankton distribution is affected by factors other than water 
chemistry, and these should receive additional attention. A limited 
study was made in 1961 by Clark and Sigler. A more intensive quali-
tative and quantitative analysis by time and depth, as affected by 
quality and quantity of light, is now contemplated. This study will 
provide material for several other investigations involving food habits 
of invertebrates and small fish. 
The fate of small littoral-zone fish during extended water draw-
down periods is being studied. The water level of the lake is lowered 
for varying periods each year by evaporation and because of demands 
from agriculture and electric power users. When rainfall does not 
compensate for this loss, the shoreline recedes during the summer more 
than it builds up the next spring, and a less productive littoral zone 
results. Information about the natural mortality rates of small littoral-
zone fish in desirable versus less preferred habitats would give us a 
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more realistic measure of the hazards due to drawdown. The Univer-
sity's newly completed, rock-covered breakwater and harbor already 
support a population of small fish. We plan to make use of the natural 
adaptability of this area in studying littoral-zone riddles. 
It has been suggested that water chemistry and the physiology of 
the fish themselves interact to influence the color and perhaps even 
the morphology of Bear Lake fish. The four species of fish that are 
most interesting in this respect are the rainbow and cutthroat trouts 
and the mountain and Bonneville whitefishes. Two techniques could 
be employed in trying to determine the legitimacy of the suggestion. 
The first would involve capturing, marking, and recapturing rep-
resentatives of all four species. The second would necessitate holding 
them in cages for varying lengths of time. Because of the difficulty 
of capturing and recapturing at least three of the four species, the 
second method seems preferable. To take account of the differences 
in water chemistry, some cages should be situated in deep water and 
some in shallow water near the mouths of Swan Creek and St. Charles 
Creek. This type of information could provide clues as to why a fish 
is what it is. 
Along the same general lines, it has been noted that several fish 
collected near the mouths of streams were identified as mountain 
whitefish. Others collected from the same areas appeared to be inter-
grades between mountain and Bonneville whitefish. One future re-
search project anticipates chromosome counts and serological studies 
of these fish to try to discover whether the intergrades represent gene-
tic or ecological differences. 
The movements of fi~h, both vertical and horizontal; the abun-
dance of different species at different locations and times of the year; 
the potential ecological impact of slight variations in habitat; and the 
general life histories of the various fish species all need intensive in-
vestigation. In the past the degree of competition for food, space, and 
cover among the species of fish has been at best the subject of specu-
lation. New equipment and techniques now make it possible to in-
vestigate rather than speculate. Deep water gill netting has yielded 
Some information about daily and seasonal movements, and we can 
now gain even more knowledge by using television, fathometers, and 
possibly certain chemicals. In the coming years this study will be 
pursued until fish movements and reasons for the movements are much 
better understood. 
Even when this information is accumulated, however, it is doubt-
ful whether the lake will be "over" fished. If populations of desirable 
fish are depleted, though, good stocking procedures coupled with a 
provision of cover (old car bodies, for example) could quickly rectify 
the situation. 
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THE IMPACT OF CIVILIZATION 
Because biology is far from being an exact science such as is phys-ics or chemistry, for instance, the biologist more often than not 
finds himself extremely frustrated. The variables in any biological 
experiment are not only numerous, most of them are living, and there-
fore are thoroughly unpredictable. All of which may serve to explain 
at least partially why so few absolute statements can be made about 
any phase of biology, including lakes in general and Bear Lake in par-
ticular. We have briefly discussed the history of Bear Lake, what has 
already been learned through research, and a little of what we hope to 
learn in the reasonably near future. Now we can consider one of the 
lake's most important and perhaps least controllable variables - the 
human element. 
Human colonization of a watershed inevitably results in drastic 
ecological changes in lakes and streams, most of them eventually if not 
immediately detrimental to existing life forms. There is a growing 
realization across the nation that we can no longer afford to let these 
changes just "happen" if we hope to preserve certain rather intangible 
values for future generations. The facts we learn about Bear Lake 
may have application in comparable geographic areas. 
The rapidly increasing number of summer homes and the continu-
ally expanding recreational activity around Bear Lake will increase 
the organic nutrient content of the lake and may alter inorganic rela-
tions as well. These changes, which constitute an "aging" of the lake, 
in turn will affect the plant and animal life. 
Little research has been done in the United States on what specific 
stages lakes go through while aging, how long each stage is likely to 
last, or what are the effects of artificially speeding up or slowing down 
the processes. It is known that lakes age and go from a cold water to 
a warm water classification and may eventually be unable to support 
any fish life at all, but specifics are yet to be determined. 
The organic nutrient content of Bear Lake is further complicated 
by the use of the lake as a storage reservoir. One of the first things 
that must be determined is how much of the nutrient level is cumula-
tive over a period of years and how much simply tends to move in and 
out during one year. 
The exact relation between organic nutrient content and disease 
incidence also is poorly understood. More people obviously mean 
more organic material in the lake, and may well mean a more fertile 
breeding ground for disease carrying organisms. Again, specific de-
tails, not only for Bear Lake but for lakes across the country, are not 
known. 
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Future research at Bear Lake will include periodic laboratory 
analyses of certain phytoplankton. These analyses will enable us to 
detect the subtle changes in the lake's organic nutrient content which 
result from human shore colonization and changes in general water-
shed use. 
We can also attack the gaps in our knowledge about nutrient 
effects by establishing water sampling areas. Samples then would be 
taken from arbitrarily determined depths at the different stations and 
the time of sampling would be randomized. Water chemistry varia-
tions would be studied by testing for factors such as total dissolved 
solids, conductivity, nitrates, nitrites, dissolved oxygen, carbon dioxide, 
calcium, magnesium, carbonates, and bicarbonates. Attempts subse-
quently would be made to interpret these values with reference to the 
lake's plants and animals. Eventually we would hope to be able to 
project our information into the future and be able to recommend de-
sirable actions that could maximize the lake's overall usefulness. 
Although we have been studying lakes for hundreds of years, at 
present no biologist can completely and adequately describe even a 
small body of water. This points to the urgent need for a series of 
exploratory studies across the country which would delimit and define 
complete ''base line" information. These studies would include the 
sort of research proposed for Bear Lake plus additional projects keyed 
to specific areas. Obviously the program can not be instantaneously 
accomplished, but it should be started as quickly as possible. Such 
information would be invaluable not only now, but in the future when 
attempts are made to determine and describe changes in aquatic biota. 
A CONTINUING CHALLENGE 
Bear Lake and its inhabitants are not likely to disappear over night, any more than they materialized that way. The lake offers a con-
tinually changing research challenge which we are even now only 
partially equipped to meet. Past investigations have been worthwhile 
and rewarding, and the future holds exciting possibilities. The re-
search biologist, as do most scientists today, finds himself racing ever 
faster just to keep abreast of current events. Our research at Bear 
Lake may help us cope effectively with this situation in at least one 
specific instance. 
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TWENTY-SIXTH HONOR LECTURE 
DELIVERED AT THE UNIVERSITY 
OCTOBER 30, 1962 
A basic objective of the Faculty Association of the Utah State Uni-
versity, in the words of its constitution, is 
To encour;ige intellectual growth and development of its members by 
sponsoring and arranging for the publication of two annual faculty 
lectures in the fields of (a) the biological and exact sciences, including 
engineering, called the Annual Faculty Honor Lecture in the Natural 
Sciences, and (b) the humanities and social sciences, including education 
and business administration, called the Annual Faculty Honor Lecture in 
the Humanities. 
The administration of the University is sympathetic with these 
aims and shares the cost of publishing and distributing these lectures. 
Lecturers are chosen by a standing committee of the Faculty 
Association. Among the factors considered by the committee in 
choosing lecturers are, in the words of the constitution: 
( 1) creative activity in the field of the proposed lecture; (2) publication 
of research through recognized channels in the fields of the proposed 
lecture; (3) outstanding teaching over an extended period of years; 
( 4) personal influence in developing the characters of students. 
Dr. Sigler was selected by the committee to deliver the Faculty 
Honor Lecture in the Natural Sciences. On behalf of the members of 
the Association we are happy to present this paper: BEAR LAKE 
AND ITS FUTURE. 
COMMITTEE ON FACULTY HONOR LECTURE 
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